Purpose According to the World Health Organization, quality of life (QOL) includes physical and mental health, emotional well-being, and social functioning. Using an adaptation of Andersen's behavioral model, we examined the associations between the three dimensions of QOL and needs and health behaviors in a nationally representative sample of adults 65 years and older. Methods A representative sample from the 2005-2006 National Health and Nutrition Examination Survey (NHANES) was used. NHANES over-samples persons 60 years and older, African Americans, and Hispanics. Frequencies and distribution patterns were assessed, followed by bivariate and multiple regression analyses. Results These older adults reported high levels of QOL. However, associations between needs and health behaviors and QOL varied across dimensions. Activities of daily living (ADL) were associated with all three dimensions. Depression was associated with two dimensions and memory problems with one dimension. Physical activity was linked to social functioning, and health care utilization was linked to emotional well-being.
Introduction
Currently, one in eight Americans is over 65 years of age [1] . By 2050, more than 33 million persons in the United States (US) will be aged 65-74 years, while 30 million will be between 75 and 84 years, and 20.5 million will be over the age of 85 years [1] . The quality of older adults' lives is receiving increased attention. A recent report from the National Center for Chronic Disease Prevention and Health Promotion [2] noted that QOL decreased in the US population as a whole from 1993 to 2001. Both the increase in the proportion of the population over 65 years of age and the reported decrease in QOL underscore the need to examine factors associated with QOL in older adults.
Quality of life (QOL) is defined by the World Health Organization (WHO) [3] as ''individuals' perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards, and concerns.'' The WHO further notes that QOL is a concept with several domains, including physical and mental health, social functioning, and emotional well-being. QOL has been conceptualized in many ways depending on the discipline, paradigm, and time frame of research examining QOL [4] . QOL measurements also vary. Broad measures such as the WHOQOL-BREF instrument include several dimensions of QOL in one scale. Other instruments such as the SF-36 scale are health-related measures. Some are disease specific such as the European Organization for Research and Treatment of Cancer QOL questionnaire. Finally, there are domain-specific measures such as the Rand Social Support Scale [4] .
The broader QOL measures have been most widely used. Proponents of these broad measures note that QOL is an overarching concept that reflects the physical, mental, and social aspects of an individual's life [5] . Others, however, point out that broad QOL measures may obscure important nuances [6] . For example, an elderly person with chronic illnesses may have poor health-related QOL but high non-health-related QOL. Therefore, in any study, it is important to decide whether a broad QOL measure or measures of specific dimensions are most appropriate.
Similarly, there are discussions as to what constitutes old or elderly [7] . Most developed countries have accepted the chronological age of 65 years as a definition of 'elderly' or older person. It is often associated with the age at which one can begin to receive pension benefits. This common use of a calendar age to mark the threshold of old age does not assume that biological aging starts at 65. There is great variability in biological aging, and it is generally accompanied by decline in one or more of a person's abilities in the physical and cognitive domains [8] . It is well established that decline in one or more of a person's abilities is associated with reductions in QOL [5] . However, the degree to which and the dimensions of QOL affected will vary depending on the extent of decline in abilities and other factors specific to individuals. Understanding the connections between biological aging, individual factors, and the dimensions of QOL is important for planning of interventions and services to enhance QOL in older adults.
In the study reported here, Andersen's behavioral model [9] was used to assess factors associated with QOL in older adults. The model depicts how contextual and individual characteristics, which include predisposing factors such as demographics, enabling factors such as social, human, and material resources, and need factors such as number of chronic conditions, activities of daily living (ADL), and mental status, influence health behaviors and QOL (Fig. 1) .
Health behaviors include physical activity and health care utilization while QOL includes the following: health-related QOL (HQOL), social functioning, and emotional wellbeing. Previous studies have found that both QOL and HQOL are associated with predisposing and enabling factors including age gender, ethnicity, education, income, marital status, and family size [2, [10] [11] [12] [13] [14] [15] . In addition, HQOL has been shown to be influenced by the number and severity of chronic diseases, though social functioning was less affected by these [16, 17] . Moreover, lower ADL function, depression, and memory problems have been linked to poorer QOL [15, [18] [19] [20] . Finally, health behaviors such as physical activity and health care utilization have been associated with QOL [21] [22] [23] [24] [25] . However, the relationship between health care utilization and QOL has varied. Less use of health care services was associated with better QOL in asthma patients and female veterans, but for male veterans and health care services obtained specifically for preventive services, QOL was worse [23] [24] [25] .
In summary, all the variables in the Andersen model have been linked to QOL. However, the relationships between the different dimensions of QOL in older adults and various contextual and individual characteristics and health behaviors are not clear. Therefore, this study examined three dimensions of QOL in community-dwelling older adults. We hypothesized that controlling for predisposing factors, a person's needs (number of chronic conditions, ADL function, and mental status), and health behaviors (physical activity and health care utilization) would be linked to HQOL, social functioning, and emotional well-being.
Methods
This descriptive, correlational study used secondary data from the National Health and Nutrition Examination Survey (NHANES) from 2005 to 2006. The NHANES from the National Center for Health and Human Services [26] is a national survey designed to assess the prevalence of major diseases and risk factors for diseases, with the aim of assessing nutritional status and its associations with health promotion and disease prevention. Data are collected through both personal interviews conducted and physical examinations carried out at mobile examination centers. The NHANES examines a nationally representative sample Adapted from Andersen's behavioral model [9] . Factors associated with quality of life in older adults in the United States of approximately 5,000 individuals each year from the civilian, non-institutionalized US population. The sample is chosen in four stages; first strata are determined based on geographic location, and then, a random sample of 15 US counties is selected within strata (mainly single counties or contiguous counties). Stratified sampling is used to capture all ages of the US population. To produce reliable statistics, NHANES oversamples persons 60 years and older, African Americans, and Hispanics. For this study, we used data from personal interview modules for individuals 65 years or older. The study included 16 variables. Some were extracted directly from the data set, and others were created as we explain below.
Measures

QOL
In Andersen's behavioral model, outcomes include perceived health and satisfaction [9] . We expanded these outcomes to the broader concept QOL. Participants' QOL was measured using 3 variables: HQOL, social functioning, and emotional well-being. The HQOL score was a composite of the number of physically and mentally unhealthy days in the past month. In two NHANES questions, participants were asked how many days during the past 30 days their physical health was not good and how many days their mental health was not good. These single items and the composite score have been validated in test-retests and against reported health conditions, physical exams, and broader instruments such as the SF-36 and the WHOQoL-BREF [27, 28] . The distribution of HQOL clearly showed two modes with 56.6% of the sample reporting no days of physical or mental unhealth and 12% reporting 30 unhealthy days. In order to improve the data with respect to the shape of the distribution, a revised HQOL variable was created with 6 levels: no unhealthy days = 0, one to five = 1, six to ten = 2, eleven to fifteen = 3, sixteen to twenty-nine = 4, and thirty = 5. For social functioning, we created an index using two questions: number of close friends and how often a person attended church or religious services. A social functioning index based on previous NHANES data using four questions has shown a high level of predictability of the social functioning dimension of QOL [29] . However, two of those questions were not available in the NHANES 2005-2006 data, so a two question index was created. After examining distributions of the number of close friends, participants could feel at ease with, could talk to about private matters, and could call on for help, and we assigned a value of 0 for no close friends, 1 for one close friend, 2 for two close friends, 3 for three close friends, and 4 for four or more close friends. For yearly church or religious services attendance, we assigned a value of 0 to never, 1 to once, 2 to two, and 3 for three or more. Thus, the index score for social functioning ranged from 0 to 7 with higher scores representing better social functioning.
The emotional well-being score was also created using two questions. The first question asked whether there was anyone to provide emotional support. A value of 1 was assigned for yes and a value of 0 for no. The second question asked whether more emotional support had been needed in the last year: an answer of no = 1 and a yes = 0. The index score thus had a possible range of 0-2 with higher scores, indicating better emotional well-being.
Health behaviors
Health behaviors are, according to Andersen's behavioral model, defined as actions people do to stay healthy or improve health. For this study, health behaviors included physical activity and health care utilization, both of which have been linked to increased age [9, [21] [22] [23] . While the NHANES data included other health behaviors, these two behaviors seemed most likely to be affected by increasing age. Physical activity was operationalized as level of physical activity performed on average each day, ranging from 1 = sits during the day and does not walk about very much, 2 = stands or walks about a lot during the day, but does not have to carry or lift things very often, 3 = lifts load or has to climb stairs or hills often, to 4 = does heavy work or carries heavy load. Health care utilization was coded as number of times a respondent had received any type of health care in the last year: no health care utilization = 0, one visit = 1, two to three visits = 2, four to nine visits = 3, ten to twelve visits = 4 and thirteen or more = 5.
Contextual and individual characteristics
In Andersen's behavioral model, contextual and individual characteristics are conceptualized as factors that impede or enhance individual's health behaviors, most notably health care utilization and subsequent other outcomes related to health and satisfaction [9] . The model divides the characteristics into predisposing demographic, enabling socioeconomic, and need for care factors. In our study, predisposing, enabling and need factors were captured by seven variables. Predisposing factors included demographic variables such as age, gender, and race/ethnicity. Age was a continuous variable from age 65 to age 85 or above. Race/ethnicity was classified as Hispanic, non-Hispanic white, non-Hispanic black, and other.
Enabling factors were operationalized as social, human, and material resources, including individuals' immediate social connections such as number of people in the family, marital status, education, and poverty level. Social resources were defined as number of people in the family and marital status. Number of people in the family was the total number of related people in the household including the respondents; scores of 1-6 reflected the actual number and 7 was used for seven or more people. Marital status was coded as married or not married (widowed, divorced, separated, or never married). Human resources included education, coded as a high school degree or more or less than a high school degree. Material resources were based on a poverty income ratio. This ratio, provided in NHANES, was the ratio of the family income to the poverty threshold. A lower number represented a lower income.
Needs factors were operationalized as number of chronic conditions, ADL function, and mental status. We created a score for number of chronic conditions using participants' answers to questions about whether they had ever been told by a doctor that they had a particular condition. Thirteen conditions, including pulmonary, cardiovascular, cancer, stroke, kidney, diabetes, liver, and arthritis illnesses, were scored for a score range of 0-13. ADL function was the sum of 16 items on the Activities of Daily Living scale, which measures constructs associated with locomotion and transfers, household productivity, social integration, and manipulation of surroundings [30] . Items scored from 1 to 4 where 1 = no difficulty, 2 = some difficulty, 3 = much difficulty, and 4 = unable to do for a total score range from 16 to 64. Higher scores indicated lower ADL function. Mental status was operationalized as memory problems and depression. One question asked whether a person had memory problems or not. Depression was the total score on the depression module in the Patient Health Questionnaire, a self-administered version of the PRIME-MD diagnostic instrument for common mental disorders. The module contains 9 DSM-IV items asking participants whether they have been bothered by feeling down, depressed, or hopeless in the last 2 weeks. Item scores range from 0 = not at all to 3 = nearly every day for a total scale score of 0-27 [31] . Higher scores indicate more depression.
Analyses
Means and percentages were used to summarize the characteristics of study subjects. Linear regression was used to examine associations between the independent variables described earlier and the three QOL dimensions. For each of the three QOL measures, we first examined bivariate relationships by linking each of the needs and health behavior variables to the specific QOL measure. We next constructed multivariate models by linking all the needs and health behavior variables together to the specific QOL measure. Both models controlled for age, gender, race, family size, marital status, education, and poverty index. All descriptive and regression analyses took into account the complex NHANES survey design, including stratification, clustering, and unequal weighting. Hence, analyses were performed in SAS survey procedures using the whole NHANES data set with a subpopulation statement for people 65 years and older.
Results
The 2005 NHANES sample contained 911 adults 65 years or older with no missing values in the 16 variables described earlier (see Table 1 ). Our initial sample was 1,189, but 278 had missing data on one or more of the 16 variables we extracted or created. Missing data were more common in older people who were less likely to be married and had worse ADL function, more memory problems, lower physical activity levels, and worse QOL in all three dimensions. The majority of the final sample of 911 were female (56.8%), and their average age was 73.6 years. Most identified themselves as white (84.9%), with 8.2% black and 5.1% Hispanics. Their family size was an average of 1.9 people, and 57.8% were married. The majority had a high school degree or more education (72%) and were above the poverty threshold (poverty index 2.67). On average, these older adults reported 2.5 chronic conditions and no difficulty to some difficulty with ADL function (score = 21.27). Only 14% reported memory problems and few had been depressed in the last two weeks (score = 2.22). The average score on physical activity (1.96) indicated that most of the sample stood or walked a lot during the day, but did not have to carry or lift things very often. On average, participants received health care two to nine times a year. The HQOL score was 1.22, indicating an average of more than five but less than ten unhealthy days in the last 30 days. The average score on social functioning was high at 5.16, indicating that most had at least two close friends and had attended church or other religious services more than once in the last year. The average score on emotional well-being was 1.74, indicating that most people had someone to provide emotional support and received all the emotional support they needed in the past year.
When examined individually, all the needs and health behavior variables were significantly associated with at least one QOL dimension, controlling for age, gender, race, family size, marital status, education, and poverty index (Table 2) . Specifically, lower ADL function, memory problems, and more depression were associated with poorer QOL in all three dimensions. A higher number of chronic conditions were associated with both poorer HQOL and social functioning, while greater health care utilization and lower physical activity were associated with poorer HQOL.
In the full models, when all needs and health behavior variables were included, poorer HQOL was associated with having a high school degree or higher, lower ADL function, and more depression (Table 3) . When full models for social functioning and emotional well-being were analyzed, social functioning was higher in people who were older, female, black, married, with a high school education or higher, and with better ADL function, no memory problems, and greater health care utilization. Emotional well-being was lower in people who were Hispanic and black, with lower ADL function, more depression, and less physical activity.
Discussion
This nationally representative sample of communitydwelling people 65 years and older reported high QOL in all three dimensions. In bivariate analyses, the need variables, ADL function, memory problems, and depression were associated with all three QOL dimensions, while the number of chronic conditions was associated with HQOL and social functioning. However, in our full models, only ADL function was significantly related to all three dimensions of QOL.
In previous studies, ADL or physical function was associated with social functioning in older women. Our results that memory problems were associated with social functioning, and depression with HQOL and emotional well-being are somewhat different from previous studies where memory problems defined both as working memory and executive function and depression were associated with only HQOL [18] [19] [20] . Our finding that number of chronic conditions was not associated with any QOL dimension is also different from previous studies that found number of chronic diseases associated with HQOL in older adults [13, 18, 32] . The differences in results from bivariate and full model analyses suggest that the needs variables may affect each other, a relationship that needs further examination. Future studies are needed to explore how different needs affect each other and different dimensions of QOL. Even so, our findings underscore the importance of diagnosis and treatment of lower ADL function, memory problems, and depression to improve the dimensions of older adults' QOL. The two health behaviors examined were associated with one QOL dimension, but neither was associated with HQOL. Less physical activity was associated with better emotional well-being. Thus, these older adults experienced more emotional well-being when they did not have to do higher levels of physical activity such as heavy lifting or strenuous activity on a regular basis. The second health care behavior examined, greater health care utilization, was linked to lower social functioning. This association may have been a function of limited time for social activities when more time is spent on contacts with heath care providers. Another plausible explanation is that higher health care utilization may have been a proxy for more extensive health problems, which themselves could limit social functioning. More in-depth examination of physical activity using other measures as well as health care utilization and QOL is warranted.
There were several limitations to our study. First, the findings were based only on subjects who had complete data. The initial sample was 1,189, but 278 had missing data, When we compared those with missing data and those included in the study, we did find differences. Since people with missing data scored worse on QOL, using only the sample with no missing data provided an estimate of better QOL than it should be for the whole representative sample of community-dwelling older adults. In addition, results presented from regression analyses assumed that data were missing at random; however, we cannot test for that, so our results might have been different if this assumption was not met. In our analysis to examine missing data patterns, we found that people with missing data were older, less likely to be married, had worse ADL function, more memory problems, lower physical activity, and lower QOL. Second, all our QOL measures were generated from populationbased measures. Thus, the study was limited to testing associations between variables reflecting computed and transformed QOL measures. While the two item HQOL has been validated against longer HQOL measures [27, 28] , our transformations have not been validated. Also, the twoitem index we computed for social functioning did not capture the multifunctionality of social functioning. It would have been preferable for the NHANES data to include all four domains in the Berkman-Syme Social Network Index, including church or other religious group membership and membership in other community organizations [33] . Third, in the NHANES survey, memory problems were measured by self-report, rather than an objective measure. Thus, it is possible that older adults underreported or were unaware of their memory problems. Fourth, because the NHANES database limits the response choices for the categorization of age that includes a category of over the age of 85, it is possible that the oldest-old are not adequately represented in our findings. Finally, we used cross sectional data so we are reporting associations, not causal links. Longitudinal analyses are needed to examine temporal relationships of these variables with QOL.
Nevertheless, the study found differences in the contextual and individual characteristics and health behaviors associated with the dimensions of QOL in these community-dwelling adults 65 years and older. The finding that different dimensions of QOL were associated with different factors confirms the emerging consensus that QOL is a multidimensional construct and needs to be measured as such [4] . The findings are also useful for designing interventions to improve QOL in the growing population of older adults. Since depression, memory problems, and ADL function were all associated with some dimension of QOL, future interventions to improve QOL in older adults should include interventions such as screening and treatment for these problems.
